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Penicillin was first described in 1929 by Fleming,2 who suggested
in his original report that it might prove to be a useful chemothera-
peutic agent. It has more recently been developed through the
investigations of Chain, Florey, and their collaborators'4' S to a point
which has made it possible to undertake therapeutic trial in human
infections.4 Among the considerable variety of bacterial species sus-
ceptible to its action Streptococcus hemolyticus and Staphylococcus
aureus are conspicuous, the former being somewhat more sensitive
than the latter.3' 6 The action of penicillin, like that of the sul-
fonamides, would appear to be largely bacteriostatic,4 although
under suitable conditions it seems to exhibit bactericidal properties.'
Penicillin, however, has been shown to possess certain theoretical
advantages in that (1) it is more potent than the sulfonamides in
inhibiting the growth of streptococci and staphylococci;4 (2) its
bacteriostatic action is influenced to only a minor extent by the num-
ber of bacteria present;4 (3) its activity is not significantly antag-
onized by the breakdown products of tissue autolysis,4 peptone,7 or
by purulent exudates;4 and (4) it is essentially non-toxic in effective
therapeutic concentrations.5
In this paper are recorded three cases of suppurative pulmonary
disease treated with penicillin subsequent to unsatisfactory response
to sulfonamide therapy.
Case 1.-S. L. (N. H. H. Unit No. 66647). Chart 1.
This 15-year-old boy was admitted to the Medical Service of the New
Haven Hospital on October 6, 1942, because of cough and fever. He had a
past history of eczema in infancy, asthma intermittently from the age of 2, and
an attack of right lower lobe pneumonia at the age of 4. Roentgenographic
examination of the chest at the age of 8 showed no abnormal findings. At
13Y2 there was roentgenographic evidence of some pulmonary emphysema.
During all these years he had received injections of vaccine, and of ragweed
and other pollens for his asthma.
The family history was not remarkable except for infantile eczema in
one uncle.
The present illness began with a bout of asthma, occurring one month
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before admission, somewhat worse than the usual attack. During the 4 or
5 days immediately preceding admission his cough became more severe; anid
for 2 days he had had pinkish sputum, fever, and a stabbing pain in the right
side of his chest aggravated by respiration. Temperatures 'before admission
ranged to 104°F.
Examination showed a well-developed, moderately well-nourished youth
who appeared acutely ill, coughing frequently in paroxysms, raising pink
purulent sputum, and breath-
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physical examination was non-contributory.
The leukocyte count was 17,500 per cmm., with 67%o polymorphonu-
clear leukocytes, 20%o lymphocytes, 1 o monocytes, 11 o eosinophils, and
1 %o basophils. Urinalysis, stool examination, and Kahn tests were negative.
Blood cultures were sterfle. Sputum cultures showed an almost pure culture
of Staphylococcus aureus hemolyticus and a few Hemophilus hemolyticus.
The staphylococci isolated from the sputum showed an alpha hemolysin titer
of 1:160. Roentgen examination of the chest (Fig. 1-A) showed a dense,
coarse, confluent, non-homogeneous infiltration over the lower half of the
right lung field, which in the lateral projection appeared to be confined to
the right lower lobe. There were scattered areas of rarefaction in the
density suggesting suppurative pneumonitis with abscess cavities.
The patient was given sulfadiazine 4.0 gm. initially and 1.0 gm. every
4 hours for 3 days, resulting in sulfadiazine blood levels of 5.9, 9.4, and 10.9
mgm.%o, respectively. There was, however, no clinical improvement and his
fever and leukocytosis continued. Roentgenogram on Oct. 9 (Fig. 1-B),
showed slight resolution of the pneumonitis with persistence of the areas of
rarefaction within the infiltration.
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On the fourth day sulfadiazine was discontinued. Treatment with peni-
cillin was started and administered for 10 days as follows:
15,000 Florey units intravenously at 2-hour intervals for 3 injections; 10,000
units intravenously at 2-hour intervals for the next 3 injections; and then
10,000 units intravenously every 4 hours exeept for the 4:00 A. M. injections
which were 15,000 units each given intramuscularly; on the 9th day the
doses were reduced to 5,000 units each.
The patient had a chill with rise in temperature to 105°F. 70 minutes
after the initial dose of penicillin, but there were no other toxic reactions.
By the fourth day of penicillin therapy the patient was much improved,
the sputum was less purulent, and the staphylococci had entirely disappeared
from the sputum cultures, having been replaced by Streptococcus viridans.
The white blood cell count had dropped to 4,050 per cmm. with 50% poly-
morphonuclear leukocytes, 39%o lymphocytes, 1 %o monocytes, 9%o eosinophils,
and 1 o basophils. On the next day the patient became afebrile and
remained so. The volume of sputum gradually diminished from 20 to
30 gm. a day to 0 to 5 gm. before discharge. Subsequent to the discontinu-
ance of penicillin staphylococci reappeared in sputum cultures but the patient
remained clinically well.
Repeated roentgenograms on Oct. 14 (Fig. 2-A) and laminagraphs on
Oct. 22 showed resolution of the infiltration, though partial atelectasis of
the right lower lobe with abscess cavities persisted. Bronchogram of the
right lung on Nov. 5 (Fig. 2-B) showed fairly complete filling of all three
lobes, except for the apical and ventral segments of the right lower lobe where
there was evidence of considerable honeycombing suggesting abscesses or bul-
lous emphysema; no evidence of bronchiectasis.
The patient was discharged clinically well on Nov. 11. Follow-up
visit on Dec. 30 revealed that he had remained well without cough, sputum,
asthmatic attacks, or known fever. Physical examination of the chest showed
no abnormalities. Roentgenogram showed scattered lipiodol and a small
area in the apical segment of the right lower lobe suggesting either persistent
cavitation or bullous emphysema.
Case 2.-H. M. (N.H.H. Unit No. B 35844). Chart 2.
This 18-year-old, white, American student was admitted to the Medical
Service of the New Haven Hospital from Laurel Heights Sanatorium on
December 8, 1942, 'because of bronchiectasis.
The patient is said to have had pneumonia at the age of 1, but was other-
wise well, except for the usual contagious diseases of childhood, until June
1942. A roentgenogram of the chest in 1937 is said to have been negative
except for increased prominence of the vascular markings at both bases. In
June 1942 he developed cough, expectoration and chills, with fever as high
as 1020. Throughout the summer he had persistent cough, copious expec-
toration, occasional fever, sweats, anorexia, and progressive loss of weight.
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On October 26 he was admitted to Laurel Heights Sanatorium where exam-
ination showed a febrile, undernourished, acutely ill young man with con-
junctivitis, labial herpes, and slight clubbing of the fingers. Over the lower
right chest anteriorly, there was dullness with increased tactile fremitus;
breath sounds were distant and bronchovesicular; posteriorly, numerous coarse
rales were heard at the base. On the left, posteriorly from the 7th inter-
costal space down, there were dullness with bronchial breath sounds and a
few moderately coarse rales. Examination was otherwise not remarkable.
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The red blood cell count was 3,870,000 per cmm., hemoglobin 12 grams.
The white blood cell count was 14,800 per cmm., with 80%b polymorphonu-
clear neutrophils, 12% lymphocytes, 7%o monocytes, and 1% eosinophils.
The urine was normal. Roentgenogram of the chest showed extensive
bilateral infiltration in the lower lobes and in the lower part of the right
upper lobe. Sputum examinations were negative for acid-fast bacilli, but
showed numerous gram-positive cocci in short chains. Sputum cultures
were repeatedly positive for (3-hemolytic streptococci.
From Oct. 26 to Nov. 5 the patient exhibited remittent fever and con-
tinued to raise from 75 to 100 gm. of green, purulent sputum daily.
Beginning Nov. 5 he received sulfadiazine for 11 days, totalling 63 gm.
Under this treatment his temperature dropped promptly to normal and
remained so for 12 days, his general condition improved, and the amount of
sputum decreased to 10 gm. daily.
Two days after sulfadiazine was stopped, however, his fever returnedPENICILLIN IN SUPPURATIVE PULMONARY DISEASE
and in spite of another course of sulfathiazole and sulfadiazine for 6 days
it persisted until he was transferred to the New Haven Hospital on December
8 for a trial of penicillin therapy.
On admission to the New Haven Hospital the physical examination was
essentially the same as that noted above except that there was now distinct
bronchial and slightly amphoric breathing with coarse rales over the right
middle lobe. The signs of bilateral bronchiectasis of both lower lobes
remained unchanged. The leukocyte count was 25,300 per cmm. with 84%
polymorphonuclear neutrophils, 15%o lymphocytes, and 1%o monocytes. The
sputum cultures showed /3-hemolytic streptococci. Blood culture was sterile.
Roentgenograms of the chest (Figs. 3-A and 4-A), including lamina-
graphs (Figs. 5-A and 6-A), showed extensive bronchiectasis involving the
left lower lobe, the right upper lobe, and the apical segment of the right
lower lobe; atelectasis and bronchiectasis of the right middle lobe with an
associated interlobar effusion; and cavities 1 to 2 cm. in diameter in the
anterior and posterior segments of the right upper lobe.
A diagnosis of bronchiectasis with multiple lung abscesses and pneumonitis
due to ,-hemolytic streptococci was made. It was thought probable that the
whole process dated from a 13-hemolytic streptococcal pneumonia occurring 6
months previously.
Penicillin therapy was instituted beginning at noon on Dec. 11 and
administered every 4 hours until 8:00 A. M. Dec. 26, except for periods
of 36 hrs. from 8:00 A. M. Dec. 12 to 8:00 P.M. Dec. 13 and of 12
hrs. from midnight Dec. 13 to noon Dec. 14, when none was available.
Until Dec. 22 all doses were given intravenously except the 4:00 A. M.
doses, which were given intramuscularly. From Dec. 22 to 26 all 3
night doses were injected intramuscularly. The first 9 doses were 10,000
Florey units each except the 4th dose, which was 5,000 units. All sub-
sequent intravenous doses until the noon dose on Dec. 22 were 5,000
units each, the 4:00 A. M. intramuscular doses 10,000 units each. Beginning
with the noon dose on Dec. 22 all doses were increased to 10,000 units
each because of the persistence of moderate numbers of hemolytic streptococci
in the sputum.
During the administration of penicillin the temperature gradually returned
to normal, the sputum decreased from 40 to 100 gm. per day to 0 to 10 gm.
per day, the white blood cell count returned to normal, and clinically the
patient looked and felt much better. Roentgenograms (Figs. 3-B, 4-B, 5-B,
and 6-B) following treatment, showed considerable clearing of the pneu-
monitis but the evidence of bronchiectasis persisted. The number of
hemolytic streptococci in the sputum cultures progressively diminished and
none were present in the last two cultures on Dec. 28 and 29, respectively.
The patient was discharged much improved on Dec. 30.
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Case 3.-S. D. (N. H. H. Unit No. B 34093). Chart 3.
This 18-year-old white American farmer was admitted to the New
Haven Hospital on Sept. 30, 1942, because of chronic cough. At the age of
3 he was critically ill for a long time with pneumonia. Dating from this
time he has had a chronic, productive cough, which in recent months had
increased both in severity and in productiveness. The sputum at times was
foul and occasionally blood-streaked. He felt weak, was slightly dyspneic on
exertion, had vague chest pains, anorexia, and more recently had lost some
weight.
Examination on admission showed a well-developed but rather thin, young
white man who appeared chronically ill. There was acne of the face. The
significan,t abnormal physical findings were limited to the left chest which
was somewhat flattened and showed restricted expansion on respiration. The
trachea and heart were shifted to the left and the left shoulder was held
low. The entire left side was dull to percussion with flatness at the base.
Breath sounds were suppressed and numerous loud, coarse riles and rhonchi
were heard over the left lower lobe. A few riles were heard over the
left upper lobe. The leukocyte count was 11,750 per cmm., with 80%o
polymorphonuclear neutrophils. The intracutaneous tuberculin test was posi-
tive to 0.01 mgm. On 3 occasions acid-fast bacilli were demonstrated in
the sputum but they were not seen in many subsequent examinations.
Sputum cultures grew Staphylococcus aureus hemolyticus, N. catarrhalis, and
a and y streptococci.
Roentgenograms of the chest at first showed atelectasis of the left lung;
later conventional films, laminagraphs, and bronchograms with lipiodol
showed re-expansion of the left upper lobe, atelectasis, and extensive bronchiec-
tasis throughout the left lower lobe and the lingula of the upper lobe. At
the left apex there were faint curvilinear densities interpreted as "fibrosis."
On Nov. 14 a left lower lobectomy and lingulectomy were performed
under avertin and intratracheal cyclopropane anesthesia. The specimens
showed extensive bronchiectasis, pulmonary fibrosis, and chronic pneumonitis
but no evidence of tuberculosis.
Postoperatively the patient ran a febrile course. There were dullness
and diminished breath sounds over the left anterior chest with many rales.
A large amount of sanguineous fluid was evacuated from the chest through
the drain and from this Staphylococcus aureus hemolyticus was cultured.
Two days later a sputum culture demonstrated Staphylococcus aureus hemo-
lyticus and Pneumococcus Type 28. The same organisms were recovered on
intratracheal aspirations which, though repeated several times, failed to induce
improvement. The leukocyte count rose to 25,550 per cmm., with 89%o
polymorphonuclear neutrophils, and roentgenogram of the chest showed
atelectasis and pleural effusion on the left. Subsequent films showed re-ex-
512PENICILLIN IN SUPPURATIVE PULMONARY DISEASE
pansion of the left upper lobe, disappearance of the effusion, and upon
injecting lipiodol into the drain, a bronchocutaneous fistula.
For 38 days after the operation the patient remained constantly febrile,
the temperature ranging between 1000 and 1050F., rectally; sputum and
drainage from the wound were profuse, and both contained Staphylococcus
aureus hemolyticus; the leukocyte count remained elevated and the patient
appeared ill. Two courses of sulfadiazine of 14 and 4 days, respectively,
failed to alter the course, although satisfactory blood sulfadiazine levels were
obtained. Numerous thoracenteses failed to demonstrate an empyema.
Roentgenograms (Fig. 7-A) taken on Dec. 19, the 35th postoperative
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day, showed a spread of the pneumonic infiltration in the left upper lobe and
coarse soft mottling in the right upper lobe thought to represent a new area
of focal pneumonia.
On the 38th postoperative day penicillin therapy was begun. For the
first 12 hours injections were given intravenously at 2-hour intervals begin-
ning with 3 injections of 15,000 Florey units each followed by 3 of 10,000
units each. Subsequent injections were usually 10,000 units each given intra-
venously every 4 hours except the 4:00 A. M. dose, which was 15,000 units
given intramuscularly. There were occasional irregularities in administra-
tion because of interruption of supply and other facors. On the 15th day of
penicillin therapy this dosage was cut to 5,000 units every 4 hours and on
the 18th day penicillin was discontinued.
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During the first week of penicillin therapy there was little change except
that the fever tended to be lower. During the second week the patient
became and remained afebrile; sputum, which had amounted to 40 to 100
gm. a day was no longer raised, and the drainage from the bronchocutaneous
fistula rapidly diminished. Cultures taken from the drainage tube showed
little change, but after the tube was removed cultures of the fistulous tract
showed only a few colonies of staphylococci.
At the time of writing the patient is afebrile, is up and about, raises no
sputum, and there is almost no drainage.
Roentgenograms (Fig. 7-B) taken on Jan. 5, 1943, show resolution of
the pneumonic infiltration.
Discussion
The clinical response to penicillin therapy exhibited by the three
cases of pulmonary infection reported above would appear to have
been very satisfactory and requires little discussion. The results
lend support to the view that penicillin may possess distinct advan-
tages over the sulfonamides, particularly in staphylococcal infections
and in hemolytic streptococcal disease processes characterized by
suppurative lesions. Whether cure of the active pulmonary infec-
tion in these cases will prove to be permanent remains to be deter-
mined by prolonged follow-up observations, but the immediate,
satisfactory response indicates that further trial of penicillin in
severe suppurative infections of the lungs is warranted.
The sensitivity of the staphylococci from Cases 1 and 3 and of
the hemolytic streptococcus from Case 2 have been tested by the
blood agar plate surface-streak method used in our laboratory and
to be described elsewhere. Theresult is shown in Table 1.
From Table 1 it will be seen that the minimum inhibiting con-
centration (M. I. C.) of penicillin for the hemolytic streptococcus
isolated from the sputum of Case 2 was 0.005 units per cc.; that
the M. I. C. for both thepre- and post-treatment strains ofStaphylo-
coccus aureus from Case 3 was 8 times greater, 0.04 units per cc.;
and that the staphylococcus from Case 1 was less sensitive to
penicillin, the M. I. C. being 0.06 units per cc. With the 3 strains
of staphylococci, however, partial inhibition of growth, as judged
by colony size, occurred at lower concentrations. This difference
in sensitivity of 3-hemolytic streptococci and staphylococci has been
found to be fairly consistent and suggests that the dosage of peni-
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cillin required for the treatment of streptococcal infections may be
less than that necessaryin the case ofstaphylococcal infections. Fur-
ther study of this question is necessary, however, before any definite
scheme of dosage can be drawn up.
TABLE 1
TITRATION OF MINIMUM INHIBITING CONCENTRATION OF
PENICILLIN FOR PATIENTS' ORGANISMS
Blood agar Case 3
plate Case I Case 2 Staph. aureus Staph. aureus
+peacillin Staph. aureus Strep. hemolyticus 12/21 1/9
units/cc. 15hrs.* 39hrs. 12hrs. 24hrs. 48hrs. 20hrs. 43 krs. 20 hrs. 43 hrs.
0.1 - - - - - - -
0.06 - _ _ _ _ - _
0.02
+ +
10 4
0.04 1 +
4 4- - -- -
0.0053 + _ _ _ + + +
0.01 + + + + + + 0.03 + - - - + T
+ +
0.005 + + - - - + ±+ +
0.001 + + + + + + ± + +
Control + + + + + + + + +
*Hrs. incubation at 370 C.; - = no growth; 2 Xi-, etc. = colonies i, 4,
etc. the size of colonies on the control plates.
Summary
Two cases of staphylococcal and one case of hemolytic strepto-
coccal suppurative disease of the lungs treated with penicillin are516 YALE JOURNAL OF BIOLOGY AND MEDICINE
reported. The response to treatment was sufficiently satisfactory to
warrant further trial of penicillin therapy in these types of pul-
monary infection.
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